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METHOD OF CONTROLLING
TRANSMISSION OF ELECTRIC VEHICLE

CROSS REFERENCE TO RELATED
APPLICATION

The present application claims priority to and the benefit
of Korean Patent Application No. 10-2015-0167741, filed

Nov. 27, 2015, which 1s incorporated herein by reference in
its entirety.

FIELD

The present disclosure relates to an automotive transmis-
sion and, more particularly, to a method of controlling a
transmission of an electric vehicle with a motor connected to
a transmission input shaft.

BACKGROUND

The statements 1n this section merely provide background
information related to the present disclosure and may not
constitute prior art.

An electric vehicle 1s equipped with a motor that 1s
clectrically driven, and the vehicle 1s driven by power from
the motor.

Such a motor, unlike an 1internal combustion engine of the
related art, outputs high torque up to a relatively high speed
period from a low speed period, thus a vehicle can be driven
by controlling the speed and torque of only the motor.
However, when a transmission 1s added, larger power can be
achieved, as compared with the size and capacity of the
motor.

Accordingly, electric vehicles are equipped with a trans-
mission capable of adjusting torque and speed 1n the process
ol transmitting power from a motor to driving wheels and
the transmission has relatively fewer gears, unlike transmis-
s1on that have been used with an internal combustion engine
in the related art, 1n order to reduce an increase 1n weight and
cost due to the transmission, reduce the size and weight of
a motor, and provide power close to that of vehicles
equipped with an internal combustion engine 1n the related
art.

As a shifting mechanism that can be achieved 1n a simple
configuration at a low cost and can more efliciently transmat
power, there 1s a synchromesh type used in automatic
transmissions of the related art, but in this type, torque
interruption that completely blocks torque transmitted to an
output shaft 1s generated 1n shifting, thereby interfering with
smooth shifting. Further, the synchromesh type has a prob-
lem 1n that shock may be generated when a synchronizer 1s
disengaged for shifting.

The foregoing 1s intended merely to aid in the understand-
ing of the background of the present disclosure, and 1s not
intended to mean that the present disclosure falls within the

purview ol the related art that i1s already known to those
skilled 1n the art.

SUMMARY

The present disclosure provides a method of controlling a
transmission of an electric vehicle that includes: applying a
driving force to an actuator of a synchronizer by means of
a controller such that the synchronizer 1s disengaged from a
current gear stage, when a power-on shifting istruction to
shift from the current gear stage to a desired gear stage 1s
given; engaging a servo-clutch by means of the controller
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such that torque 1s transmitted from an mput shait to an
output shatt through a servo-gear unit, after the applying of
a driving force; and disengaging the synchronizer from the
current gear stage using a driving force of the actuator, when
torque of the current gear stage 1s switched to the servo-gear
unit, after the engaging of the servo-clutch.

A gear ratio of the servo-gear unit may be smaller than a
gear ratio of the current gear stage and a gear ratio of the
desired gear stage.

The method may further include: synchronizing an input
shaft speed to a desired speed of a motor directly connected
to the mput shait by controlling the servo-clutch by means
of the controller, after the disengaging of the synchronizer;
engaging the synchronizer with the desired gear stage by
operating the synchronizer by means of the controller, after
the synchronizing of an input shaft speed 1s finished; and
disengaging the servo-clutch by means of the controller,
alter the engaging of the synchronizer.

When the current gear stage 1s larger 1n gear ratio than the
desired gear stage, the controller may reduce a friction force
of the servo-clutch to synchronize the input shaft speed with
the desired speed of the motor 1n the synchronizing of an
input shait speed.

When the current gear stage 1s smaller in gear ratio than
the desired gear stage, the controller may control the actua-
tor operating the servo-clutch to synchronize the input shaft
speed with the desired speed of the motor 1n the synchro-
nizing of an input shait speed.

According to the method of controlling a transmission of
an electric vehicle described above, an electric vehicle 1s
equipped with a transmission achieved with a simple con-
figuration and a low cost, so 1t 1s possible to decrease the size
and capacity of a motor to be mounted 1n the vehicle and
accordingly 1t 1s possible to reduce the manufacturing cost
and 1mprove fuel efliciency of a vehicle.

Further, since torque interruption and shifting shock are
inhibited or prevented in shifting, the shifting quality 1s
improved, which can improve the commercial value of a
vehicle.

Further areas of applicability will become apparent from
the description provided herein. It should be understood that
the description and specific examples are intended for pur-

poses of illustration only and are not intended to limit the
scope of the present disclosure.

DRAWINGS

In order that the disclosure may be well understood, there
will now be described various forms thereof, given by way
of example, reference being made to the accompanying
drawings, in which:

FIG. 1 1s a diagram showing the configuration of a
transmission of an electric vehicle according to one form of
the present disclosure;

FIG. 2 1s a flowchart illustrating an example the trans-
mission of FIG. 1 performing power-on up-shiit;

FIG. 3A to 3E are diagrams 1illustrating the transmission
of FIG. 1 performing power-on down-shiit;

FIG. 4 1s a flowchart illustrating an example of the
transmission of FIG. 1 performing power-on down-shiit;

FIG. SA to 5E are diagrams 1llustrating the transmission
of FIG. 1 performing power-on down-shiit; and

FIGS. 6A to 6C are perspective views showing operation
of a synchronizer according to an embodiment of the present
disclosure.
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The drawings described herein are for illustration pur-
poses only and are not mtended to limit the scope of the
present disclosure 1n any way.

DETAILED DESCRIPTION

The following description 1s merely exemplary in nature
and 1s not mtended to limit the present disclosure, applica-
tion, or uses. It should be understood that throughout the
drawings, corresponding reference numerals indicate like or
corresponding parts and features.

FIG. 1 1s a diagram showing the configuration of a
transmission of an electric vehicle according to an embodi-
ment of the present disclosure. Referring to FIG. 1, a
transmission of an electric vehicle of the present disclosure
includes: an input shait IN that receives power; an output
shaft OUT that 1s disposed 1n parallel with the input shaft IN;
a plurality of shift gear units that are each composed of
external gears capable of connecting the mput shaft IN and
the output shatt OUT to each other to generate diflerent gear
ratios; a synchronizer that switches any one of the shift gear
units mto a power transmissible state or a non-power trans-
missible state between the iput shait IN and the output shatt
OUT; a servo-gear unit SBU that 1s composed of a pair of
external gears engaged with each other on the input shaft IN
and the output shait OUT to provide a gear ratio lower than
the gear ratio of the shift gear unit having the lowest gear
rat1o 1n the shift gear units; and a servo-clutch SC that can
adjust the degree of power transmission between the input
shaft IN and the output shait OUT by the servo-gear unit
SBU.

A motor M supplying a driving force to a vehicle 1s
directly connected to the mput shait IN, and the motor M,
the synchronizer SS, and the servo-clutch SC can be con-
trolled by a controller CR.

In the shift gear units, any one of the external gear on the
input shaft IN and the external gear on the output shaft OUT
cannot rotate on the corresponding shaft and the other one
can freely rotate on the corresponding shaft. For example, an
external gear on the input shaft IN cannot rotate on the input
shaft IN, the corresponding external gear (i.e., an external
gear engaging with the external gear of the input shait) on
the output shaft OUT can freely rotate on the output shaft
OUT.

The synchronizer SS implements the power-transmissible
state and the non-power-transmissible state between the
input shaft IN and the output shatt OUT by inhibiting or
preventing the external gear, which can freely rotate on the
corresponding shaft, from rotating on the shaft.

The shift gear units include a first shift gear unit SGU1
having a relatively high gear ratio and a second shift gear
unit SGU2 having a relatively low gear ratio. The first shift
gear unit SGU1 1s composed of a first driving gear D1 not
rotating on the put shait IN and a first driven gear P1
rotating on the output shaft OUT, and the second shiit gear
unit SGU2 1s composed of a second driving gear D2 not
rotating on the put shaft IN and a second driven gear P2
rotating on the output shait OUT.

The synchronizer SS can switch the first driven gear P1
and the second driven gear P2 into a rotatable state and a
non-rotatable state on the output shait OUT by two straight
strokes 1n the axial direction of the output shait OUT.

That 1s, the synchronizer SS 1s disposed on the output
shaft OUT and may inhibit or prevent the first driven gear P1
from rotating on the output shaft by engaging a sleeve
thereol with a clutch gear integrally connected to the first
driven gear P1, or may inhibit or prevent the second driven
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gear P2 from rotating on the output shaft by engaging the
sleeve with a clutch gear integrally connected to the second
driven gear P2, or may make a neutral state in which both
of the first and second driven gears are not engaged.

Obviously, there may be provided separate synchronizers
for connecting/disconnecting the first driven gear P1 to/from
the output shait OUT and for connecting/disconnecting the
second driven gear P2 to/from the output shait OUT.

I1 the first shift gear unit SGU1 and the second shift gear
umt SGU2 are configured such that the first driving gear D1
and the second driving gear D2 cannot rotate on the mput
shaft IN, and the corresponding first driven gear P1 and
second driven gear P2 can freely rotate on the output shaift
OUT, the synchronizer SS may be disposed on the output
shaft OUT to connect/disconnect the first dnving gear D1
and the second driving gear D2 to/from the output shaft
OUT.
The servo-gear unit SBU 1s composed of a servo-driving
gear DS that can rotate on the mput shait IN and a servo-
driven gear PS that cannot rotate on the output shatt OUT.

The servo-clutch SC 1s a conical clutch disposed between
the mput shaft IN and the servo-driving gear DS to be able
to adjust the degree of power transmission between the input
shaft IN and the servo-driving gear DS 1n accordance with
axial displacement of the mput shait IN.

Obviously, when the servo-driving gear DS 1s disposed on
the input shaft IN without rotating and the servo-driven gear
PS 1s disposed on the output shait OUT to be rotatable, the
servo-clutch SC may be a comical clutch disposed on the
output shaft OUT to adjust the degree of power transmission
between the output shaft OUT and the servo-driven gear PS.

A method of controlling a transmission of an electric
vehicle that has the configuration described above, accord-
ing to the present disclosure, as shown in FIGS. 2 and 4,
includes: applying a driving force to an actuator of the
synchronizer by means of the controller such that the
synchronizer 1s disengaged from the current gear stage
(510), when a power-on shifting instruction to shift from a
current gear stage to a desired gear stage 1s given; engaging
the servo-clutch by means of the controller such that torque
1s transmitted from the mput shaft to the output shaft through
the servo-gear unit (S20) atter the applying of a driving force
(S10); and disengaging the synchronizer from the current
gear stage using the driving force of the actuator, when
torque of the current gear stage 1s switched to the servo-gear
unmit (S30), after the engaging of the servo-clutch (520).

The actuator of the synchronizer 1s provided to move the
sleeve, and 1n the applying of a driving force (S10), the
driving force applied to the actuator by the controller may be
set smaller than the friction force between tapered sides of
teeth of the sleeve and teeth of the clutch gear, 1n which the
friction force 1s generated when the synchronizer 1s disen-
gaged from the current gear stage while motor torque 1s
transmitted to the output shatt through the current gear stage.

Obviously, the gear ratio of the servo-gear unit 1s smaller
than the gear ratio of the current gear stage and the gear ratio
of a desired gear. That 1s, the servo-gear unit has a gear ratio
smaller than those of the first shift gear unit and the second
shift gear unit, so when the servo-clutch 1s engaged with one
of the shift gear units engaged by the synchromizer, the
motor torque transmitted to the output shait through the shift
gear unit 1s switched to be transmitted to the output shaft
through the servo-gear unit, and accordingly, the motor
torque can be transmitted to the output shaft only through the
servo-gear unit.

Further, the method of controlling a transmission of an
clectric vehicle of the present disclosure may further
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include: synchronizing an input shait speed to a desired
speed of the motor directly connected to the input shait by
controlling the servo-clutch by means of the controller
(S40), after the disengaging of the synchronizer (S30);
engaging the synchronizer with a desired gear stage by
operating the synchronizer by means of the controller (S50),
alter the synchronizing of an input shaft speed (5S40) is
finished; and disengaging the servo-clutch by means of the
controller (560), after the engaging of the synchromizer
(S50).

Behavior of a transmission of the present disclosure in
power-on up-shift, and the method of controlling the trans-
mission are described with reference to FIGS. 2 to 3E.

FIG. 3A shows a state when a vehicle 1s driven at the first
gear stage, 1n which power from the motor 1s shifted and
transmitted to the output shait through the first driving gear
and the first driven gear, with the synchronizer inhibiting
relative rotation between the first driven gear and the output
shaft by connecting the first driven gear to the output shatt.
In this state, when a driver presses down the acceleration
pedal and a power-on up-shiit instruction 1s generated, the
controller applies a driving force to the actuator of the
synchronizer such that the sleeve i1s disengaged from the
clutch gear of the first driven gear.

However, at the point of time when the motor torque 1s
transmitted to the output shait through the first driving gear
and the first driven gear, a strong friction force 1s generated
between the tapered sides of the teeth of the sleeve and the
teeth of the clutch gear due to the difference between the
rotational speed of the clutch gear of the first driven gear and
the rotational speed of the sleeve. Accordingly, even though
a driving force 1s applied to the actuator, the sleeve 1s not
disconnected from the clutch gear of first driven gear due to
the friction force.

FIG. 3B shows the engaging of the servo-clutch (S20), in
which the controller controls the servo-clutch to generate a
friction force after applying a driving force to the actuator of
the synchronizer.

As described above, when a friction force 1s generated on
the servo-clutch, the torque that has been transmitted to the
first driven gear from the first driving gear starts to be
transmitted through the servo-gear unit, because the gear
ratio of the servo-gear unit 1s smaller than the gear ratio of
the first gear stage.

Thereafter, when the torque transmitted between the first
driving gear and the first driven gear and the torque trans-
mitted to the servo-gear unit become the same, the sleeve of
the synchronizer 1s disengaged from the clutch gear by the
driving force applied to the actuator, as shown in FIG. 3C.
Accordingly, the sleeve of the synchronizer can be smoothly
separated from the clutch gear without shock or noise.

Since torque of the iput shaft 1s transmitted to the output
shaft through the servo-gear unit, torque for driving the
vehicle 1s continuously transmitted to the output shaft with-
out torque interruption in the transmission.

Thereatter, the controller controls the servo-clutch such
that the input shaft speed 1s synchronized with a desired
speed of the motor, so when the desired gear stage 1s
synchronized with the synchronizer, the sleeve of the syn-
chronizer 1s engaged with the clutch gear of the second
driven gear that 1s the desired gear stage, as shown 1n FIG.
3D, thereby performing the engaging of the synchromizer
(S50).

In particular, 1n power-on up-shiit when the current gear
stage 1s larger 1n gear ratio than the desired gear stage, the
controller can synchronize the mput shaft speed with the
desired speed of the motor by reducing the friction force of
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the servo-clutch in the synchronizing of an input shait speed
(S40). That 1s, by partially disengaging the servo-clutch, it 1s
possible to reduce the Iriction force and reduce the input
shaft speed to the desired speed of the motor.

When the sleeve of the synchronizer 1s engaged with the
clutch gear of the second driven gear, the controller can
fimish the power-on up-shift, as shown in FIG. 3E, by
disengaging the servo-clutch.

Accordingly, 1n the process of shifting the synchronizer
engaged with the current gear stage to the desired gear stage,
it 1s possible to inhibit or prevent torque interruption 1in
which torque to be transmitted to the output shaft 1s not
transmitted and 1t 1s also possible to enter a neutral stage
smoothly without shock when the synchronizer 1s disen-
gaged from the current gear stage, so the shifting quality can
be 1mproved.

FIGS. 4 to SE are diagrams 1llustrating power-on down-
shift, which exemplily shifting from the second gear that 1s
the current gear stage to the first gear that 1s the desired gear
stage.

FIG. SA shows a state when a vehicle 1s driven at the first
gear stage, in which power from the motor 1s shifted and
transmitted to the output shait through the second driving
gear and the second driven gear, with the synchronizer
inhibiting relative rotation between the second driven gear
and the output shaft by connecting the second driven gear to
the output shatt. In this state, when a driver presses down the
acceleration pedal and a power-on up-shiit instruction to
shift to a lower gear stage 1s generated, the controller applies
a driving force to the actuator of the synchronizer such that
the sleeve 1s disengaged from the clutch gear of the second
driven gear.

However, since motor torque 1s transmitted to the output
shaft through the second driving gear and the second driven
gear, there 1s a diflerence between the rotational acceleration
of the clutch gear of the second driven gear and the rota-
tional acceleration of the sleeve, so a strong Iriction force 1s
generated between the tapered sides of the teeth of the sleeve
and the teeth of the clutch gear, and accordingly, the sleeve
1s not disengaged from the clutch gear of the second driven
gear by the friction force even under the driving force of the
actuator.

FIG. 5B shows the engaging of the servo-clutch (S20), 1n
which the controller controls the servo-clutch to generate a
friction force. Since the gear ratio of the servo-gear unit 1s
smaller than the gear ratio of the second gear stage, when a
friction force 1s generated on the servo-clutch, as described
above, torque that has been transmitted from the second
driving gear to the second driven gear 1s transmitted through
the servo-gear unit, and the torque transmitted to the servo-
gear unit and the torque transmitted to the second driving
gear and the second driven gear become the same at a
specific point of time.

As 1n FIG. 5C, the disengaging of the synchronizer (S30)
in which the sleeve 1s disengaged from the clutch gear of the
second driven gear by the driving force applied to the
actuator by the controller 1s performed. That 1s, since the
rotational speeds of the sleeve and the clutch gear of the
second driven gear become the same, the sleeve can be
smoothly disengaged from the clutch gear without shock or
noise, thereby improving the shifting quality.

Thereatter, the controller controls the servo-clutch such
that the input shait speed 1s synchronized with a desired
speed of the motor, so when the desired stage 1s synchro-
nized with the synchronizer, the sleeve of the synchronizer
1s engaged with the clutch gear of the first driven gear that
1s the desired stage, as shown 1n FIG. 3D, thereby perform-
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ing the engaging of the synchronizer (S50). The controller
can synchronize the mput shaft speed with the desired speed
by increasing the input shait speed to the desired speed of
the motor, using the servo-clutch actuator.

After the engaging of the synchronizer (S50) 1s finished,
the controller can finish the power-on down-shift by disen-
gaging the servo-clutch, as in FIG. SE.

Accordingly, during the power-on down-shift, it 1s pos-
sible to smoothly enter a neutral state without torque inter-
ruption, i which torque transmitted to the output shait 1s
stopped, and without shock in disengagement of the syn-
chronizer, so the shifting quality can be improved and the
commercial value of the vehicle can be increased.

FIGS. 6A to 6C are perspective views showing operation
of a synchronizer according to an embodiment of the present
disclosure. In FIG. 6A, with torque of the input shaft
transmitted to the output shait through the current gear
stages, a power-on shifting instruction 1s given and a driving
force 1s applied to the sleeve of the synchronizer. However,
a large amount of motor torque 1s transmitted to the current
driven gear, so a large friction force 1s generated between the
tapered sides of the teeth of the sleeve and the teeth of the
clutch gear, and the sleeve cannot be disengaged from the
clutch gear accordingly.

FIG. 6B shows a state when the same amount of motor
torque 1s transmitted to the servo-gear unit and the current
gear stage FIG. 6C shows a later state when the sleeve 1s
disengaged from the clutch gear of the current gear stage by
the driving force of the actuator.

That 1s, when the same amount of motor torque 1s
transmitted to the servo-gear unit and the current gear stage,
the rotational speed of the sleeve of the synchronizer and the
rotational speed of the clutch gear are the same and the
sleeve 1s disengaged from the clutch gear by the driving
force 1n this stage, so the synchromzer can be disengaged
without shock.

According to the method of controlling a transmission of
an electric vehicle described above, an electric vehicle 1s
equipped with a transmission achieved with a simple con-
figuration and a low cost, so 1t 1s possible to decrease the size
and capacity of a motor to be mounted in the vehicle and
accordingly 1t 1s possible to reduce the manufacturing cost
and 1mprove fuel efliciency of a vehicle.

Further, since torque interruption and shifting shock are
inhibited or prevented in shifting, the shifting quality 1is
improved, which may improve the commercial value of a
vehicle.

Although the present disclosure was described with ref-
erence to specific embodiments shown in the drawings, 1t 1s
apparent to those skilled 1n the art that the present disclosure
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may be changed and modified n various ways without
departing from the scope of the present disclosure.

What 1s claimed 1s:

1. A method of controlling a transmission of an electric
vehicle, the method comprising:

applying, by a controller, a driving force to an actuator of

a synchromzer engaged with a first gear unit forming a
current gear stage, when a power-on shifting instruc-
tion to shift from the current gear stage to a desired gear
stage 1s given;

engaging a servo-clutch with a servo-gear unit by the

controller while maintaining the synchronizer being
engaged with the first gear umt such that torque trans-
mitted from an mput shaft to an output shaft through the
first gear unit and torque transmitted from the input
shaft to the output shait through the servo-gear unit
become the same; and

disengaging the synchronizer from the first gear unit using,

a driving force of the actuator when the torque trans-
mitted from the 1nput shait to the output shait through
the first gear unit and torque transmitted from the input
shaft to the output shaft through the servo-gear umit
become the same.

2. The method of claim 1, wherein a gear ratio of the
servo-gear unit 1s smaller than a gear ratio of the current gear
stage and a gear ratio of the desired gear stage.

3. The method of claim 1, further comprising:

synchronizing an mput shait speed to a desired speed of

a motor directly connected to the input shaft by con-
trolling the servo-clutch using the controller, after the
synchronizer disengaged;

engaging the synchronizer with a second gear unit form-

ing the desired gear stage by the controller, after the
synchronizing of an input shaft speed 1s finished; and
disengaging the servo-clutch by the controller, after the
engaging ol the synchronizer with the second gear unait.

4. The method of claim 3, wherein when the current gear
stage 15 larger 1n gear ratio than the desired gear stage, the
controller reduces a iriction force of the servo-clutch to
synchronize the mput shaft speed with the desired speed of
the motor in the synchronizing of an mnput shaft speed.

5. The method of claim 3, wherein when the current gear
stage 1s smaller 1n gear ratio than the desired gear stage, the
controller controls the actuator operating the servo-clutch to
synchronize the mput shait speed with the desired speed of
the motor 1n the synchronizing of an mput shait speed.
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